A series of weakly nucleophilic nitrogen derivatives including carbamates, amides, sulfonamides and anilines were reacted with 1,2bis(trimethylsilyloxy)cyclobutene under acidic conditions to afford various substituted 2aminocyclobutanone derivatives 3a-i in modest to excellent yields.
recognize substrate segments in the beta-sheet conformation, [6, 7] and Burgess has demonstrated that cis-1,3-disubstituted cyclobutane amino acid derivatives adopt an extended, beta-sheet conformation, [8] which suggests that more highly functionalized cyclobutanones may serve as potent and selective protease inhibitors. The employment of small molecule peptidomimetic derivatives to mimic peptide conformational ensembles is critical in drug discovery toward the development of new pharmaceuticals, [9] yet the cyclobutanone moiety is underutilized in medicinal chemistry because methods for the preparation of more adaptable and highly substituted cyclobutanones are limited. The synthesis of highly substituted cyclobutanones is a topic of current interest which has recently been addressed by Doyle [10] utilizing a carbene insertion approach to prepare 3-aryl-2-silyloxy-2-carbomethoxy cyclobutanones. Thus, cyclobutanones are very important targets and intermediates, yet methods for the preparation of more highly substituted cyclobutanones are limited.
We required protected 2-amino cyclobutanone derivatives to serve as intermediates toward the preparation of peptidomimetic cyclobutanones. Vederas reported the synthesis of 2-carbobenzyloxyaminocyclobutanone 2 via the reaction of 1,2bis(trimethylsilyloxy)cyclobutene with benzyl carbamate in the presence of HCl in 81% yield (Scheme 1). [11] The requisite 1,2-bis(trimethylsilyloxy)cyclobutene is in turn prepared via the acyloin cyclization of dimethyl succinate in the presence of trimethylsilyl chloride as described by Frahm. [12] For our related studies toward the preparation of more highly functionalized cyclobutanones we required N-alkylated 2aminocyclobutanones and derivatives with alternate protecting groups. Nucleophilic secondary amines have also been reported to afford N,N-disubstituted 2-aminocyclobutanones under neutral conditions. [13, 14] We questioned if other poorly nucleophilic amine derivatives would similarly react with the cyclobutene. Thus, we undertook an exploration of the scope of the reaction of 1,2bis(trimethylsilyloxy)cyclobutene with other poorly-nucleophilic nucleophiles and found that amides and sulfonamides in addition to more hindered secondary carbamates react efficiently with cyclobutene 1 to afford protected 2-aminocyclobutanone derivatives.
The results of our studies are summarized in Table 1 . We have explored several sets of conditions for the reaction of N-nucleophiles with 1,2bis(trimethylsilyloxy)cyclobutene and have found that reflux in 1M HCl in ether affords the most general and reproducible results. N-alkyl benzyl carbamates were employed to access the N-alkylated cyclobutanone derivatives. N-benzyl benzylcarbamate affords cyclobutanone 3a in similar yield (60%) to the unsubstituted parent (69% in our hands), thus the reaction does not suffer substantially from the additional steric demand. Nmethyl benzylcarbamate reacted efficiently as well to give 3b, although it was quite difficult to isolate the product cyclobutanone from the carbamate starting material, although numerous TLC solvent systems were explored, hence the yield of the N-methyl derivative is somewhat lower (48%). Given the poor nucleophilicity of the carbamate nitrogen, we were encouraged to explore sulfonamide derivatives. We were very pleased that p-toluenesulfonamide reacts in very high yield (90%) to afford 3c, and the N-methyl p-toluenesulfonamide affords the corresponding N-methyl-2-aminocyclobutanone sulfonamide 3d in 80% yield. We then turned our attention to amides as nucleophilic partners in the reaction. Although the reaction is successful with phenyl acetamide affording cyclobutanone 3e, the yield is lower (39%). Benzamide, on the other hand, spectrometer. IR spectra were recorded on a Thermo Nicolet Nexus 670 FT-IR. Mass spectra were run on a Thermo Finnigan LCQ Advantage instrument. 1,2-Bis(trimethylsilyloxy)cyclobutene was prepared according to the procedure of Frahm. [12] Benzyl benzyl(2-oxocyclobutyl)carbamate (3a). To a solution of N-benzyl benzylcarbamate [15] Benzyl methyl(2-oxocyclobutyl)carbamate (3b). To a solution of N-methyl carbamate [16] (175 mg, 1.06 mmol) in 1.0 M HCl/ether (12 ml) was added 1,2-bis 
